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Abstract We retrospectively reviewed the medical records of
45 patients with relapsed acute leukemia after initial allogeneic
hematopoietic stem ell transplantation (allo-HSCT). Among
45 patients, a total of 11 patients eventually underwent second
allo-HSCT (HSCT-2). Median survival after relapse was
294 days (range, 135–942 days) for HSCT-2. Multivariate
analysis showed significantly better survival for recipients of
second allo-HSCT than for other patients (hazard ratio, 4.38;
95 % confidence interval, 1.45–13.2; P00.009). Although
outcomes for patients with relapsed leukemia were generally
poor, our results suggest that second HSCT could offer a
survival advantage over other conventional salvage strategies.
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Introduction
The management of early post-transplant relapse is extremely difficult. Immunotherapies such as donor lymphocyte
infusion (DLI) or second allogeneic hematopoietic stem cell
transplantation (allo-HSCT) can be viable therapeutic options
when a hematological malignancy relapses after the initial alloHSCT [1–7]. However, patients with gross hematological
relapses show poor response to immunotherapy alone. Chemotherapy may be required to reduce the relapsed clone to a level
that can be effectively handled by immunotherapy. A second
allo-HSCT together with adequate doses of myeloablative
agents can thus be advantageous and the only therapy that
induces sustained remission in patients with gross hematological relapses. Moreover, many years of clinical evaluations have
supported these basic principles. Nevertheless, mortality rates
associated with preparative regimen-related toxicity are extremely high, with death typically occurring early post-second
transplant and with half of patients dying before 100 days
[8–13]. In particular, patients who relapse within 1 year after
initial HSCT show dire outcomes [13]. Non-myeloablative
conditioning has recently been shown to be effective for reducing transplant-related early mortality, but little information is
available for the setting of second transplantation [14, 15]. To
evaluate the clinical impact of second allo-HSCT, particularly
in terms of survival advantage over other conventional treatment options, we retrospectively analyzed the clinical outcomes
of 45 patients with relapsed leukemia after initial allo-HSCT,
including 11 patients who underwent second allogeneic HSCT.
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Patients and Methods
Patients
Between January 2004 and December 2009, a total of 186
adult patients (≥16 years old) with acute leukemia underwent
first allo-HSCT. Data from 176 of these patients for
whom post-transplant outcomes were available were included in the present study. Clinical characteristics of
these 176 patients (101 men, 75 women) are summarized in Table 1. Median age was 42 years (range, 16–
64 years). Underlying disease was acute myeloid leukemia in 117 patients and acute lymphoblastic leukemia in
59 patients. At the time of transplantation, 116 patients
were in complete remission (CR) and 60 patients had
active disease. A total of 161 patients received a myeloablative conditioning regimen, and the remaining received a reduced-intensity conditioning regimen. Stem
cell sources included bone marrow in 130 patients,
peripheral blood in 21 patients, and cord blood in 25
patients. Median duration of follow-up for survivors was
982 days (range, 152–2,279 days).
Definition of Relapse and CR
Relapse was defined as a reappearance of leukemic blasts in
peripheral blood or more than 5 % blasts in bone marrow by
morphologic examination after the initial CR had been
obtained. Molecular, cytogenetic or flow cytometric relapse
were all excluded. Extramedullary relapse including central
nervous system were also excluded. In contrast, CR was
defined by the presence of less than 5 % blasts in the bone
marrow and absence of extramedullary leukemia. Peripheral
blood counts recovered with a neutrophil count of at least
1×109/L and a platelet count of at least 100×109/L. A bone
marrow examination was routinely performed on day 14 and
day 28 after transplantation.
Statistical Analysis
Descriptive statistics were provided for baseline patient
characteristics. Patient-, disease-, and transplant-related variables were compared, using the χ2 test for categorical
variables and the Mann–Whitney U-test for continuous variables. Overall survival (OS) was calculated using KaplanMeier methods and compared with the log-rank test. OS was
calculated from the first relapse after first allo-HSCT to the
time of death or the last follow-up. Associations between
post-relapse treatment and outcomes were evaluated by
multivariate analysis, performed using a Cox proportional
hazards model. The following covariates were included in
multivariate analysis: age; sex; primary diagnosis; disease
status; stem cell source; donor type; conditioning regimen;

R. Hanajiri et al.
Table 1 Patient characteristics
Leukemic relapse

Yes

Total
45
Age, median (range)
43 (17–62)
Sex, Male/Female
27/18
Diagnosis AML
39
ALL
6
Type of transplant
syngenic
0
related
11
unrelated
34
Stem cell source
BM
34
PB
4
CB
7
HLA disparity
full match
34
1 locus mismatch
8
>2 loci mismatch
3
Preparative regimen
myeloablative
41
non myeloablative
4
GVHD prophylaxis
CyA / MTX
30
FK506 / MTX
15
Disease status before
transplant
in remission
14
on disease
31
Number of
4 (0–11)
chemotherapy
before transplant,
median
(range)
Extramedullary lesions
beforetransplant
Yes/No
4/41
Development of acute
GVHD
grade 0–I
26
grade II–IV
19
Development of chronic
GVHD
No
36
Yes (any type)
8
no data
1

P-value

No
131
42 (16–64)
74/57
78
53

0.73
0.68
0.001

0
34
97

0.84

96
17
18

0.75

86
25
20

0.51

114
17

0.78

66
65

0.58

102
29
4 (0–14)

<0.001
0.95

10/121

0.79

86
45

0.34

96
32
3

0.36

*
Abbreviations: ALL acute lymphoid leukemia; AML acute myeloid
leukemia; BM bone marrow transplantation; PB peripheral stem cell
transplantation; CB cord blood stem cell transplantation; BU busulfan;
CY cyclophosphamide; MEL melphalan; CA cytarabine; TBI total body
irradiation; FLU fludarabine; GVHD graftversus-host disease; CyA
cyclosporine; MTX methotrexate; FK506 tacrolimus

graft-versus-host disease (GVHD) prophylaxis; post-relapse
treatment; interval between transplantation and relapse; and
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CR after intervention except for second transplantation. All
P values were 2-sided. Values of P<0.05 were considered
statistically significant. All analyses were performed using
SPSS software (SPSS, Chicago, IL).

Results
Leukemic Relapse after Allo-HSCT
A total of 45 patients (26 %) eventually relapsed at a median
of 110 days (range, 17–910 days) after allo-HSCT. Clinical
characteristics of these 45 patients are summarized in Tables 1
and 2. Intervals from HSCT to relapse were <100 days for 18
patients, 100–300 days for 19 patients, and >300 days for
8 patients. With regard to risk analysis for relapse of leukemia,
active disease at transplantation was a significant risk (hazard
ratio, 6.9; 95 % confidence interval, 3.2–14.5; P<0.001). In
our small cohort, development of acute GVHD and chronic
GVHD did not reduce the risk of relapse. According to
Kaplan-Meier product-limit estimates, 1-year OS was 22 %
and median OS was 112 days (range, 7–942 days). Relapse
within 100 days after transplantation showed a dismal prognosis. One-year OS estimates among patients with relapsed
leukemia <100 days and ≥100 days from allo-HSCT were
13 % and 33 %, respectively (Fig. 1).
Clinical Outcomes Based on Treatment Options
for Relapsed Leukemia
Although all relapsing patients were considered eligible for
second transplant if general condition was good enough, only
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11 patients (24 %) ultimately received second courses of alloHSCT. Since no specific eligibility criteria existed for second
transplantation, the final decision about second transplantation
was made at the discretion of the senior attending physicians.
Figure 2 shows details of treatment options actually adopted in
our cohort of 45 patients with relapsed leukemia. In consideration of the number and severity of comorbidities, 11
patients (24 %) were allocated only to receive best
supportive care. The remaining 34 patients without apparent GVHD underwent rapid withdrawal of immunosuppressants as the first action commonly taken in such
cases. After excluding 4 patients with poor performance
status, 30 patients then underwent second-line treatments; i.e., re-induction chemotherapy (n 026), DLI
(n03), or second HSCT (n01).
Second allo-HSCT was performed in a total of 11 patients
(24 %). The characteristics of patients who underwent second allo-HSCT are shown in Table 3. Nine patients (82 %)
obtained CR after second allo-HSCT and the median OS
was 294 days (range, 135–942 days).
Factors Associated with Better OS after Leukemic Relapse
We examined which variables were associated with better
OS. Uni- and multivariate analyses of risk factors are shown
in Table 2. According to univariate analysis, donor type,
second allo-HSCT, and time to hematological relapse after
initial transplantation were associated with superior outcomes, whereas age, sex, primary diagnosis, and type of
transplant did not reach statistical significance. Multivariate
analysis with logistic regression identified only second alloHSCT as significantly associated with better survival.

Table 2 Univariate and multivariate analysis of adverse factors for overall survival
Univariate
Pa
Age (≥43 years / <43 years)
Sex (female / male)
Diagnosis (ALL / AML)
Disease status at the initial transplantation (on disease / remission)
Stem cell source (PBSC or CBSC / BM)
Donor type (unrelated / related)
Conditioning regimen ( non myeloablative / myeloablative)
GVHD prophylaxis (FK / CyA)
Second transplantation (no / yes)
Time to hematological relapse after the initial transplantation
(<100 days / ≥100 days)
CR after intervention except for second transplantation (non CR / CR)

HR (95 % CI)

0.65
0.60
0.21
0.12
0.71
0.04
0.27
0.33
0.001
0.01

1.16 (0.61–3.11)
1.20 (0.61–2.37)
0.51 (0.18–1.46)
1.74 (0.86–3.49)
0.86 (0.39–1.92)
2.50 (1.03–6.09)
1.82 (0.62–5.33)
1.42 (0.70–2.88)
4.88 (1.88–12.7)
2.47 (1.24–4.92)

0.08

2.58 (0.91–7.36)

Multivariate
Pb

HR (95 % CI)

0.81

1.14 (0.39–3.30)

0.02
0.27

3.92 (1.27–12.1)
1.51 (0.73–3.14)

0.12

2.55 (0.78–8.17)

Abbreviations: HR hazard ratio; CI confidence interval; ALL acute lymphoid leukemia; AML acute myeloid leukemia; PBSC peripheral blood stem
cell; CBSC cord blood stem cell; BM bone marrow; GVHD graft-versus-host disease; CyA cyclosporine; FK tacrolimus; CR complete remission
Univariate analysis with the χ2 test for categorical variables and the nonparametric Mann–Whitney U test for continuous variables, and
multivariate analysis with the multiple logistic regression analysis for appropriate variables to evaluate the risk. Statistical significance was
determined at the .05 level. All P values were 2 sided
a

b
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Fig. 1 Overall survival among patients with relapsed leukemia <100
days and ≥100 days from allo‐HSCT

Discussion
Optimum management of relapse after first allo-HSCT, including DLI and second allo-HSCT, remains contentious
[16–18]. Despite several recent reports on the use of DLI in
the treatment of relapsed acute leukemia after transplantation

that demonstrated disease control through immune-mediated
graft-versus-leukemia effects, the clinical efficacy of DLI in
acute leukemia is still controversial and sustained eradication
of leukemia is rare. Other therapeutic options such as second
transplantation thus seem likely to represent the more encouraging strategy for managing relapsed leukemia. In the context
of rapid disease kinetics of relapsed leukemia, clear advantages exist to the use of mega-doses of myeloablative agents
and radiotherapy followed by second allogeneic transplantation rather than DLI alone, in that this approach can provide
rapid hematopoietic reconstitution and restoration of complete
donor chimerism. However, treatment-related mortality rates
associated with this approach have been shown to be extremely high, and very few patients become long-term survivors.
Moreover, early death due to regimen-related toxicity within
100 days has been reported in up to 50 % of second HSCT
recipients [8–13].
The present study retrospectively reviewed 176 medical
records for allogeneic transplantations performed over the
last 6 years in our institution, showing 45 patients (26 %)
who had faced apparent leukemic relapse. Intervals from
first HSCT to subsequent relapse were <100 days in 18
patients and ≥100 days in 27 patients. In our series, as many
as 15 patients (33 %) could only received supportive care or
withdrawal of immunosuppressive agents alone, and none

Relapse after first
allogeneic HSCT (n=45)

Best supportive care
only (n=11)
Withdrawal of
immunosuppressants
(n=34)
Withdrawal of
immunosuppressants
only(n=4)

Reinduction
chemotherapy
(n=26)

DLI (n=3)

Second allogeneic
HSCT(n=1)
Second allogeneic
HSCT(n=1)

Reinduction
chemotherapy
(n=2)
Further
chemotherapy
(n=16)

DLI (n=1)

Second allogeneic
HSCT(n=9)

Fig. 2 Summary of interventions after relapse

Survival Advantage of Second Allo-HSCT for Relapsed Acute Leukemia
Table 3 Characteristics of second transplantation
Characteristics
Total
Age, median (range)
Sex, Male/Female
Diagnosis
AML
ALL
Time from first transplantation to relapse
<100 days
>100 days
Disease status before second transplantation
in remission
on disease
Donor for first and second transplantation
same
different
Conditioning for first and second transplantation
myeloablative-myeloablative
myeloablative-RIC
RIC-RIC
Stem cell source
BM
PB
CB

No. of patients
11
39 (27–59)
6/5
8
3
1
10
4
7
3
8
8
2
1
6
4
1

Abbreviations: AML acute myeloid leukemia; ALL acute lymphoid
leukemia; RIC reduced-intensity conditioning; BM bone marrow transplantation; PB peripheral stem cell transplantation; CB cord blood cell
transplantation

of these patients achieved CR. In terms of the salvage
chemotherapy applied in 26 patients, a variety of regimens
were chosen, mainly based on the general condition of the
patient, and only 6 patients (23 %) achieved CR. Details of
regimens that induced CR were as follows: MEC (n01);
FLAG (n02); GO (n01); and hyper-CVAD (n02). No hematological responses were observed in patients treated with
CAG or CA and high-dose cytarabine regimens, suggesting
that the dose intensity of cytarabine may not play a pivotal
role in obtaining CR in this setting. Four of the 6 patients
who achieved hematological remission underwent second
allo-HSCT. In addition to these 4 patients, 7 patients who
did not achieve CR after re-induction chemotherapy (N05),
withdrawal of immunosuppressants only (n01), or DLI
following rapid withdrawal of immunosuppressants (n01)
proceeded to second allo-HSCT. A total of 11 patients
ultimately received second transplantation. These 11
patients enjoyed significantly longer survival (median,
294 days; range, 135–942 days), but 6 patients eventually
died. Causes of death were cyclophosphamide-induced cardiomyopathy (n01), hepatic veno-occlusive disease (n02),
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acute GVHD (n01) and bacterial pneumonia (n02). No
deaths attributed to second relapse were observed. In multivariate analysis, recipients of second allo-HSCT had significantly better survival than patients treated with other
therapeutic options (hazard ratio, 4.38; 95 % confidence
interval, 1.45–13.2; P00.009). These results confirm a recent report finding that remission status, use of re-induction
chemotherapy, longer interval (≥100 days) from HSCT to
relapse, and second HSCT were associated with improved
OS [19]. Another retrospective study showed that all longterm survivors received second HSCT as a part of their
salvage therapy after relapse [20]. Other findings in our
cohort were also in line with previous reports. Active disease at transplantation was the major risk factor of relapsing
leukemia in our cohorts. Arellano et al. also reported that
active disease at transplantation, unfavorable cytogenetics,
and related donor was associated with relapse on multivariate
analysis [21]. Duration from first HSCT to relapse <100 days
was also associated with poor OS in univariate analysis. Prior
reports have demonstrated that shorter time to relapse is
associated with increased risk of overall mortality [22].
The present study showed several limitations. Given the
retrospective nature of the study, some patients with early
hematological relapse may have been missed, despite the
detailed database and extensive chart review. Actually, the
leukemic relapse rate in our cohort seems slightly lower than
the 32–35 % reported elsewhere [21, 22]. Moreover, the small
size of our cohorts represents a flaw to this study. Nevertheless, since large-scaled prospective randomized clinical trials
will not be available for relapsed acute leukemia after HSCT,
retrospective data provide useful information for this disease
condition. Although our results suggest that second alloHSCT could offer survival advantages, various undefined
clinical problems seem to remain. Regarding suitable salvage
chemotherapy and subsequent conditioning regimen for second allo-HSCT, optimal treatment approaches remain largely
undefined, particularly in cases of relapse shortly after the
initial transplant following myeloablative conditioning. Although further study is warranted, our data should provide
useful insights into this disease condition.
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